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METHOD AND PACKAGE FOR STORING 
A PRESSURIZED CONTAINER CONTAINING A DRUG 

Cross Reference to Related AppBcations - 

This application Is a contlnuation-ln-paft of copending U.S. Application No. 09/571 ,388, filed 
on May IS, 2000, which is a continuation-in-part of copending U.S. Application No. 09/290,351, IBed 
on ApfB 12, 1999, the entire contents of both of which are incorporated by reference; and for which an 
5 international application PCTAJS99/27851 was filed 23 November 1999; and for which a U.S. 
Application No. 09/216,183 was fSed December 18, 1998. 

Background of the Invention 
.. Fteld of the Invention 

The present invention relaies to a mettKxl and package for storing a pressurized container 
10 containing a drug. 

Description of the Background Art 

lior environmental reasons, there has been a move to replace chtoroiluorocartxins (CFCs) 
(also shiply known as "Buorocartwns") such as P11, P1i4 and P12 with hydtx>fluoroaikane 
propeOants such as HFA-134a md HFAr227* When.these liydrofluoroalkane propeHdnfs are used as 
15 a propellant In a pressurized dnjg delivery system, various techrricai problems can occur with variotj^ 
drug ftmnulattons. Also. It is necessary to modify the consliucflon of metered dose inhaiere lor 
optimum stability and aerosol fomialton. 

One storing mechanism for a metered dose inhaler (MDI) uses a plastic tube whk:h has a 
20 rssealable JM to dose the tube. The resealable Bd for this tube employs a desiccant to absort> 
. moisture present in the tLril)e. 

<»• 

Such plastte 'tobes fypfcally increase manufacturing cost and requird complex and/or 
expensive manufacturing prooesses. Such tubes are frequ^ 
25 anriount of storage space relative to the size of the container disposed w^ 

It is well established that non-CFC prt^ants, especially HFC 134a, have a much greater 
water solubility than the CFC propellants traditionally used In MDI*^. The maximum water solubBHy In 
HFC 134a is about 2200 ppm whereas for CFC 11, 12 and 114, the maximum water sdubHlties are 
about 130 ppm. (See Pischtlak, A. (1999) "Solvay Ruor and Derivate Chemical Data Sheet for CFC 
30 andHFCPropeliante."^ 

This maximum solubility may be further increased If oosoivents such as ethand are used in 
the fomnulatton. The mechanism of moisture transport into HFC IMDI*^ has been discussed by 
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WBBams, G. and Tcherevatehentoff, A. (1999) "Moisture Transport Into CFC-Free MDI V Respiratory 
Dmg Delivery VI, Hilton Head, SC, USA. 

They conduded that moisture transport is influenced by the eiastomeric nature of the valve 
gaskets as well as the type of HFA fomiulation and storage conditions employed. K may be 
5 appropriate, under certain circumstances to control the ingress of moisture into HFC based MDl*s. A 
good example of this would be with a hygroscopic drug substance. Hence, prevention of moisture 
Ingress Is the subject of this invention whereby a series of secondary paclcaging embodiments 
demonstrate advantageously re(fciclng moisture ingress. 

10 Summary of the tnventldn 

Accordlnigly, a need in the art exists for a method and package for storing a pressurized 
container filled with a propellant and a dnig which substantially prevents Ingresslon of water vapor and 
particulate matter into the storage psK^kage while pemoittlng egresskMi of the propeDant to increase 
shelf life and performance of the drug and the propeflant Furthermore, a need exists in the art to 

15 provide a method and package for storing a pressurized contairler fBied with a drug and a propellant 
whteh is cost effective and which does not require complex manubctiring processes and whteh in 
turn efikdentiy envelopes theconfalherto maximize available storage space. 

One aspect of the inventkxi Is an apparatus comprising a drug fbnmulatkxi cornprising a 
20 mixture of at least a dnig and an HFA propellant; a pressurized container filled with sakl drug 
fonmulation; and a pouch constructed from materials comprising a metallk; foS layer and a moistore 
absorbing material. The pressurized container may be a metered dose inhaler. The drug may be 
albuterol sulfate. The HFA propellant may be 134a. 

25 The moisture absort>lng material is preferably a desk»ant The destecant may be in the 

structuralfbmnof alanilnatelayer, acoathg. The deskx»nt is prstBrebly 

constructed from a nyldn. The metaBto fbl Ic^ nriay be dumbium, wherein the al^ 
preferably has a thickness in the range of 9-25 im and nnore prefisraUy about 12.7 |im in thtekness. 

30 It is a primary object of the present inventton to provMe a method and package for storing a 

pressurized conteiner, where the pressurized contelner is filed with a drug and a propellant and where 
the method and package substantiaily prevent Ingresskm of water vapor and partteutate matter into 
the package whHe permitting egression of the propellant whereby shelf life of the daig Is protonged 
and perfonnance of the dmg and ttie propellant are maintained or increased. 

35 

It is a further object of (he present inventton to pnivkfe a method and package for storing a 
pressurized container fiOed with a drug and a propeBant where the method and package substantially 
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absorb residual moisture In the paclcage enclosing the pressurized container that is sometimes 
present on the outer surface of the pressurized container prior to sealing pressurized container within 
the paclcage. 

5 Another object of the present Inventon Is to provide a method and package for storing a 

pressurized container Including a drug and a propellant which substantially reduces manufacturing 
costs while substantially reducing the complexify of the manufacturing process of the paclcage. 

Another object of the present invention Is to provide a method and paclcage for storing a 
pressurized oonfainer havbng a drug and a propeBant which is easHy opened and readily disposable. 
10 It is a further object of the present invention to provide a method and paclcage for storing a 

pressurized container having a drug and a propellant, whereby the propellant prefer^ly meets 
governmental guidelines which prohibit the use of CFCs. 

Another object of the present invention is to provide a method and package for storing a 
15 pressuri^ container which includes .a drng. and a propellant that does not require complex 
mechanical devtoes toenveiope or enclose the pressurized container wHIe substantially reducing the 
amount of storage space needed for the pressurized oontainer where the package substantially . 
confomns to the shape of the pressurized contaner. The package Is amorphous in shape due to the 
flexible materials from whfch it Is made. 

20 

Another object of the present Inventkxi is to provide a method and package which fomi an 
encfosed volume that stores a pressurized conta&ier In a controlled environment where the 
pressurized container is Isolated fhom harmful environnnental oonditions such as humidify, dust, l^t, 
and water vapor and other partfculate matter. 

25 

AnotherobJectoffheprasentinventionistopravMe and arfide of manufacture comprising an 
Integra! aerosol dispensbig appsralus, a dnig for^ It is farther an 

object of the present Inventton to provUe a dnjg formulatton and carrier with packaging material 
having labeling and Infomnation relating to the composition contained therein and printed thereon. 
3 0 Additionally, a farther ob|ect of the Inventfon is to provide an artfele of manufacture having a brochure, 
report, nottee, pamphlet, or leaflet containing product infomiatfon. 

. . These and other ol^ects of the present InventkMi are falfiiled by provWIng a container storage 
s]^m comprising: a drug fonnulatton oomprising a mixture of a dmg and a propellant; a pressurized 
35 oontainer filled with the dnjg formulation at a predetermined pressure; and a flexUe package for 
wrapping and sealing the pressurized container provMing an enclosed volume in whteh the 
pressurized container Is cflsposed, the flexible package being impemneable to water vapor and 
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permeable to the propellant, the flexible package substantially preventing ingresslon of water vapor 
and particulate matter into the enclosed volume while pemnitting egression of the propellant 

In addition, these and other objects of the present invenUon are also accomplished by 
5 providing a method of storing a container comprising the steps of: providing a flexible package 
material, which Is Impemneable to water vapor and permeable to a propellant; filling a container with a 
drug fonmulation comprising a drug and the propellant at a predetermined pressure; wrapping the 
container with the flexible package material to torn an enclosed volume in which the container is 
disposed therein; and sealing the flexible package whk:h in tum closes said enclosed volume, the 
10 flexible package substantially preventing bigression of water vapor and partkxilate matter into the 
enclosed volume whBe permitUng egression of the propellant from the enctosed volume. 

Moreover, these and other objects of the present Invention are fulfilled by a packaged 
metered dose Inhaler comprising: an MDI comprising a container and a drug metering valve, a 
15 pressurized drug fomiulation h the container comprising a propellant and a dn^ /lispersed or 
dissolved In the present; and an overwrev) of flexible material enclosing saki MDI, the overwrap 
being made of a moisture Impenneable material. 

Also, these and other objects of present invention are accomplished by provUing an arflde of 
20 manufacture comprising: an aerosol dispensing apparatus (brdispensing metered amounts of fludd 
material fiiom a reservoir, the apparatus comprising a container defining a reservoir, a dispensing 
valve; a dmg fbnnulatkxi kx^ated within the aerosol dispensing apparatus comprising a safe and 
effective medk»ment and a phamnaceutk^aliy acceptable propellant; and a flexible package for 
wrapping and sealing the container providing an enclosed volume in whteh said pressurized container ^ 
25 Is disposed, the flexible package being substantially impermeable to water vapor and penneable to 
the propellant, the flexible package substanflaDy preventing ingresston of water vapor and parficulate 
matter into the enclosed volume while pemnifthg egresskm of (hefwopelant 

Hiese and other objects of the present Inventton are also acconvBshed by provkiing a 
30 method of improving a product performance comprising the steps of: providing a flexible package 
material made of at least one heat sealable layer, at least one layer of a metal foH, and a protective 
layer; the flexible package material being impermeable to water vapor and permeable to a propellant; 
filling a container with a doig fomiuiation comprising a drug and the propellant at a predetermined 
pressure; wrapping the container with the flexible package material to fonn an enclosed volume In 
35 whteh the container Is cDsposed therein; and sealing the flexible package whkii in tum doses the 
endosed vdume, the flexible package substantially preventing Inyesston of water vapor and 



4 



wo 01/98176 



PCT/USOl/19906 



particulate matter into the enclosed volume while pennitting egression of the propellant from the 
enclosed volume. 

. Fu^er scope of applkability of the present Invention will become appare^^ 
5 description gh^en hereinafter. However, It should be understood that the detailed description and 
specific ^camples, whUe Indicating prefenred embodiments of the invention, are given by way of 
Illustration only, since various changes and modifications within the spbit and scope of the Invention 
vrill become apparent to those slcilled In the art from this detafled description. 

Brtef Description of the DrawincB 
10 The present invention will become more fully understood from the detaOed description given 

hereinbelow and the accompanying drawings which are given by way of Illustration only, and thus are 
not limitative of the present invention, and wherein: 

Figure 4 is a top elevational view of the padcage fpr storing a pressurized container of the 
15 present invention; 

, Figure 2 b a side vjew of the pacl<age for storing a pressurized contain . 
inv^tion; 

Figure 3 is a cutaway bottom view of the padcage Ibr storing a pr^ 
present invention; 

20 i^ure 4 is a ooss-seciional view of the padcage for storing a pressurized container of the 

present Invention; 

. Figure 5 is a cross secUbnal >^ of a metering valve which could be used in the present 
invention; and 

Figure 6 is a side view of the second a)nlalner with a product label 
25 wrapping means ofthe present invention. 

Detafled l>escripHon of the Prefened Embodiments 
Pressurized Containere 

The pressurized containers useful In Ihe bwentlon Indude any containere In which a drug and 
a propellant can be stored. Slow leakage of propellant sometimes occurs in metered dose Inhalere 
30 (MDIs) and the present invention Is particularty useful In connection with MDIs that may have slow 
lealcs. 

The pressurized container is prefisretbly an MDI or an MDI can. The tenn "Ynetered dose 
lnhaler"or*IMDr means a unit comprising a can. a crimped cap covering the mouth of the can, and a 
35 drug metering valve situated in the cap, whie the term "MDI system" also includes a suHaUe 



5 



wo 01/98176 



PCT/US01/19906 



channeling device. The tenii *MDI can" means the container without the cap and valve. The temi 
"dwg metering valve" or "MDI valve" refers to a valve and Its associated mechanisms whidi delivers a 
predetemiined amount of drug fonnulation from an MDi upon each acdvation. The channeling device 
may comprise, for example, an actuating de\^ for the valve and a cylindrical or cone-iil<e passage 
5 through which medicament may be delivered from the filled MDI can via the MDI valve to the nose or 
I mouth of a patient, e.g. a mouthpiece actuator. The rdafion of the parts of a typical MDI Is Illustrated 
In U.S. Patent 5,261,538 Incorporated herein by reference. An ocemplaiy MDI is disclosed In WO 
96/26755, the entire contents of which is hereby incorporated by reference. Other exenvlary 
pressurized containefs for use in MDIs are disclosed in WO 96/32151, WO 96/32345, WO 96/32150 
10 and WO 96/32099. 

The pressurized container 34 is preferably a vial made from aluminum. However, other 
materials are not beyond the scope of the present invention. Other materials for the pressurized 
container 34 Include, but are not limited to, fenrous alloys, non-ferrous alloys, such as stainless steel, 
15 ceramic materials, polymers, composite materials, and mixtures thereof. Suitable coatalners which 
contain a polymeric coating on thefriside thereof are disclosed in WO 96/32151. 

Most often the MDI can and cap are made of aluminum or an alloy of alurnlnum, although 
other metals not afHacted by the dnig fonnulation, such as stabiless steel, an alloy of copper or tin 

20 plate, may be used! An MDI can may also be fabricated ftom glass or plastic. Preferably, however, 
the MDI cans employed fri the present Invention are made of aluminum or an alloy thereof. 
Advantageously, strengthened alumfrium or aluminum alloy MDI cans may be employed. Such 
strengthened MDI cans are capable of withstanding partfcularty stressful coating and curing 
conditions, e.g., partlculariy high temperatures, which may be required for certain fluorocartXNi 

25 polymers. Strengthened MDI cans whteh have a reduced tendency to mslform under Wgh 
temperatures include MDI cans comprising side wsdis and a base of increased thickness and MDI 
cans comprising a substanttaDy ellipsoidal base (which hcraases the angle between the side waDs 
and the base of the can), rather 6ian the hembphericcd base of standard MDI cans. MDI cans having 
an enipsoidal tiase ofler the further advantage of fadiitatlng the coating process. 

30 

The MDI cans include MDI cans supplied by Presspart of Gary, North Carolina, USA or the 
United Kingdom, or by Neotechnic of the United Kingdom. The MDI cans typically have a nedc 
diameter of 20 mBflmeters, although any suitable neck diameter may be used and can vary In height 
from 30 mQllmeters to 60 mllllm^ers. 

35 

The drug metering valve consists of parts usually made of stahiess steel, a 
phannacoio{^cally inert and propeliant resistant polynner, such as acetal (pdyoogrmelhylene), 
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polyamide (e.g., Nylon®), polycarbonate, polyester, fluorocartwn polynfier {e.g^ Teflon®) or a 
combination of these materials. Additionally, seals and "O" rings of various materials (e.g., nitrile 
mbbers, polyurethane, acetyl resin, fluorocariton polymers), or other elastomeric materials are 
employed in and around the valve. 

The prefenned MDI valves have typical metering chamber volumes of 25 to 63 micmlitres. 
The valves prefBrably have a ferrule skirt to suit a 20 mm neck diameter can. Typical suppliers of MDI 
valves Include Valofs Pharni, France; Bespak of Europe or the United Kingdom; or Neotechnk), United 
Kingdom. 

Drugs 

Prefenned drugs (also referred to as "medicaments^ and dmg oombinatk)ns are disclosed in 
WO 96/32161, VyO 96/32345. WO 96/32150 and WO 96/32099, the entire contents of whfch are 
hereby Incorporated by reference. These drugs include, for example, fluticasone propionate or a 
plVsiok)glcally acceptsrible solvate thereof, bectomethasone dipropionate or a phystologically 
acceptable soTvate theneof, salmeterol or a physiologk:aBy acceptatAe salt thereof and albuterol or a 
phy^lok)tfcdly acceptable salt thereof. Medtoamentsmsy be selected «x)m,fer exam 
e.g. codeine, dOiydromoiphine, ergotamine, fentanyl or morphine, anginal preparatk)ns, e.g. dfltiazem; 
antiaDergtes, e.g. cromoglycate. ketotifen or nedocromB; antilnfectives e.g. oephatosporins, penlciains, 
streptomycin, sulph9namkles, tetracyclines and pentamWhie; antihistamines, e.g. methapyrlene; anU- 
inflammatories, e.g. bedomethasone (e.g. the dipropionate), flunisolide, budesonide, tipredane or 
triamcinolone acetonWe; antitussives. e.g. noscapine; broncJiodaators. e.g. salbutamol, salmeterol, 
ephedrine, adrenalbie, fenoterol, formoterol, jsoprenaiine, metaproterenol. phenylephrine, phenylpiop- 
anolamine, pbbuterol, reproterol, rimiterol, tert)utanne, isoetharine, tulobuterol, ordpnsnaline, or {-yA- 
amIno^,6KlkAkXD<H[[ftp-(2i3yritf^ diurettes. e.g. 

amBqride; antfcholinergtes e.g. {pratropium, atropine or oxttropium; honnones. e.g. oortisone, 
hydrooortisofie or pradnisotone; xanthines e.g. amlhophyl(|ne, choPne theophylBncte. lysine 
theophylltnato or theophylbie; and therapeutic proteins and peptMra^ It wOI 

be dear to a person sklled In the art that, where appropriate, the medicamente may be used in the 
fomi of saKs (e.g. as alkali metel or amine salts or as add additton salts) or as esters (e.g. kiwer alkyi 
esters) or as solvates (e.g. hydrates) to optimise the activity and/or stablity of the medicament and/or 
to minimize the solubility of the medteament In the pfx)peilant 

Acfcfittonally, any suitable combhatlon of dmgs can be used In the present Invention. For 
example, Seretide (fluttoasone and Serevent) can be used In the present Inventkxi. 
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"Propellants" used herein mean phamiacologically inert liquids with boiling points from about 
room temperature (25X) to about -25X which singly or In combination exert a high vapor pressure at 
room temperature, including CFCs such as Freon and hydrofluorocarbons. Upon activation of the 
i^DI system, the high vapor pressure of the propellant in the MDI forces a metered amount of drug 
5 formulation out through the metering valve then the propellant very rapidly vaporizes dispersing the 
drug particles. The propellants used in the present invention are low boiling fluorocartions; In 
particular, hydrofluorocarbons or hydrofluoroallcanes such as HFA-134a and HFA-227; The invention 
is particularly useful with propellants (including propeDant mi3dures) which are more h^proscopic than 
P11, P114 andtorP12 such as HFAr134a and HFA-227. 

.10 Additional Components of the Diug Formulation 

The MDIs taught herein are particulariy useful for containing and dispensing inhaled drug 
formulations with hydrofluoroalkane propellents such as 134a with little, or essentiafly no, exdpient 
.and which tend to deposit or ding to the interior walls and parts of the MDI system. In certain cases, it 
Is advantageous to dispense an inhalation drug with essentially no exdpient, e.g., where the patient 
15 may be anergic to an ^cc^lent or the drug reacts with an ^cc^ient 

Drug fbrmulations for use bi the invention msy be free or substantially fifee of formulation 
excfpfents. e.g., surfiactants and oosolvenfs, etc. Such dmg fbnnulatlons are advantageous shoe they 
may be substanfially taste and odor free, less Infiant and less toxic than eocc^irient-oontainlng 
fbrmulations. Thus, a preferred drug formulation con^sfs essentially of a drug, or a physiologically 

2 0 acceptable salt or soh^te thereof, optionally in combination with one or mm other phamnacologlcaily 

active agent, and a fluorocarbon propellait 

Further dmg fonnulatlons for use in the Invention may be free or substantially free of 
surfiactanL Thus, a further prefened drug fomiulation comprises or consists essentially of a drug (or a 
physiologically aooeplable salt or solvate thereoO, optionally bi oombination with one or nnore cXher 
25 phannaoologlcally active agents, a fluorocartxxi propeOant and 0.01 (o 5% wAv based on the 
propellant of a polar cosolvent, which fbrmulaflon b subste^ PrefiBfied 
pnopelants are 1,1,1,2-tetrafluoroeihane, 1,1,1,2,3,3,34ieplafluorcHi-propane or mbduras thereof, and 
espedally 1,1,1,2-tetrafluoroethane or 1,1,1.2,3,3,3-heptafluorxHH)ropane. However, (he dmg 
fonnulation may contain any additional exdpients which are necessary or destrable to pr^re a 

3 0 suitable dmg formulation. 

The tema "^dplents" as used herein means chemical agents having little or no 
phamnacological activity (for the quantfties used) but which enhance the dmg formulation or the 
perfonnanoe of the MDI system. For example, exdpients indude but are not Ibnited to surfiactants, 
preservatives, ftavorfrigs. antioxidants, antiaggregating agents, and cosolvents, e.g., ethanol and 
35 diethyl ether. 
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Suitable surfactants are generally known in the art, for example, those surfactants disclosed 
In European Patent Application No. 0327777. The amount of surfactant employed is desirably in the 
range of 0.0001 % to 50% w/w ratio relative to the drug, in particular 0.05 to 5% w/w ratio. 

5 A polar cosotvent such as Cz^ aliphatic alcohols and polyols, e.g., glycerol, ethand. 

isopropanol and proi^ene glycol, preferably ethand, may be induded in the drug formulation in the 
desired amount either as the only exdpient or in addition to other exdpienis, such as surfactants. 
Suitably, the dnig formulation may contain 0.01 to 5% w/w based on the propdlant of a polar 
cosdvent, 6.g., ethand, preferably 0.1 to 5% w/W, e.g., about 0.1 to 1% w/W. 

10 Flexible Pad<aglnq f\4aterials 

The flexible packaging material can be any material which is impervious to or substantially 
impervtous to moisture. The packaging material is preferably pemieable to propellants such as HFA- 
134a and/or HFA-227 whereby if the propeliant slowly leaks from the pressurized container, the 
propellant vMI skyivty pass, by dtfluskm or othenvise, through the packaging material. 

15 

For ease of nrianufaduring, and in order to provide the necessaiy p^ 
material, the flexible packaging material preferably comprises a non-thermoplastte substrate (such as 
a metal foil) and a heat sealable layer disposed thereon, and an addWonal protective layer, such as a 
polymer fSm of polyester. The heat sealable layer is usually disposed on ihe Inner suriiace of the 
20 assembled package. The additkxial protective layer is usually disposed on the suriiace opposite the 
heat sealable layer. An example of a partrculariy useful fol laminate is a pdyester flim adhesively 
, laminated to aluminum fdl adhesively laminated to tonomer (SURLYN™) fBrn, for example. 12m 
pdyesten/9p alun*ium/50M ionomer film supplied by Lawson Mardon Slngen (LMS). 

25 The substrata is preferably fomned from alundnum foO. htawever, oth^ metals for the 

subsirate include, but are ncrt Omited to, fin, iron, zbic, or magnesium fiomned on a sheet vacuum 
depositkMi or sputtering and a cartx»^ gn)upHX)ntalnlng pdydefin layer fornied on the metal layer by 
laminatton. 

3 0 The heat sealable layer can be fomaed from any themfK>plastte or themnosetting material such 

as an kmomer resin, pdydefin, or cydoolefln copolymer, tonomer resins typically indude k>nically 
cross- Ibiked ethylenenfnethacryOc add and ethylene acrylte add copolymers. Properties which 
distinguish these tonomers redns from other pdydefin heat-^ed polymers are high darily, high 
Impad resistanoe, low haze in iamlnatton, tear reslslance, abraston redstance. soOd state toughness, 

35 and moisture impervkxjsness. In the profsnred eniibodiment, the heat sealable layer is made out of 
SURLYN ^ (an k)nomer resin) or a fonm of pdyethylene to provMe sufikient heat sealing properties. 



9 



wo 01/98176 



PCT/USOl/19906 



The outer protective layer, if presenti can be ibmned of any material as long as the final 
laminate has the requisite properties. 

5 Preferably, the protective layer (e.g.. polyester) is adhesively laminated to the substrate (e.g., 

aluminum) and the substrate layer In tum Is adhesively laminated to the heat sealable layer (e.g., the 
ionomer film or SURLYN™ (an ionomer resin)). 

Prefemed exemplary thicknesses of the three Ic^rs include a protective layer 1 to 40, 
preferably 4 to 30, more preferably 10 to 23 microns, and most preferably 12 microns; a substrate 
layer of 1 to 100, preferably 3 to 70, more preferably 5 to 50 rhicrons, more preferablyB to 20 microns, 
and most preferably 9 microns. For the heat sealable layer, preferred exemplary thicknesses include 
thicknesses of 1 to 100, preferably S to 70, more preferably 10 to 60. more preferably 20 to 55 
microns, and most preferably SO mterons. 

« 

in a preferred embodiment, the packaging material used to make the pouch further includes a 
moisture absoMng material. "AbsoribineT as* used herein includes adsorption. The moisture 
absorbing material may be bi the form of a layer, a coating, a lining, a film, a mesh or other suitable 
fomns. Ihe packaging material may also be impregnated with the moisture absorbing material. Such 
structural forms may be incorporated into the layered packaging material by use of adhesives or other 
suitable methods known in the art The moisture absorbing layer may be suitable kx»led within 2 
other Isyecs or on the outer or inner layer of the pouch. The moisture absorbing material is preferably 
a deskxant, such as a nylon-type material. The deslccant may also be sBica gel, alumina, bauxite, 
anhydrous, cateium sulfate, water-«d>sort3lng day, activated bentonite day, a mdecular" sieve zeoitte, 
or combinatk)ns thereof. 

Adhesives may be used to Join the respective layers of materials together. The adhesive 
layers are typfeally substantlaOy smaUer in thfckness relative to the thfckness of the substrate, heat 
sealable andfor protective layers whkh they bond. 

The number, size, and shape of the layers are not limited to those layers shown In the 
drawings. Any number of layers with relative areas of any size and predetemnlned thteknesses may 
be used so tong as the flexible package fDmis an endosed volume which substantlaOy prevents 
ingresston of water vapor and partkxjiate matter Wo the endosed volume while perniitUng egresston 
out of the endosed volume of any propeilant leaving the pressurized container. The stee, ishape, and 
number of layers of the package Is typfcally a fundton of the size and oontents of the pressurized 
container whteh indudes a drug and a propeBant 
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The package is believed to operate similarly to a virtual one-way valve due to the composition 
of the layers and due to the transmission rate of water vapor molecules into the enclosed volume 
relative to the transmission rate of gas molecules of a propeilant, such as a hydrofluoroalkane. out of 
5 the enclosed volume. The package pemiits the propeilant In the pressurized container to diffuse out 
of the enclosed volume while substantially preventing water vapor and other particulate matter from 
entering the enclosed volume. Excess or leakage of the propeilant is pemnitted to egress from the 
package. The virtual one-way valve fiincBon of the package prevents or minimizes the chance of any 
sudden ruptures or prevents or minimizes unexpected expulshm of the propeliant during opening of 
the package. 

Moisture Absorbing Materials 

. The moisture absorbing material is. preferably a sHrca gel deskx^nt sachet However, other 
vapor or moisture absorbing mechanisms are not beyond the scope of the present inventk)n. Other 
vapor or^moisture absorbing materials include deskxants made from inorganfe materials such a 
zeolites and aluminas. Such horganic materials of vapor or moisture absort)ing materials have high 
water^absorptkm capacities and liavorable water absorptton Isoihenn shapes. The water steorption 
capadfy of such materials typfcally varies from 20 to 50 weight percent 

In the prefeoed embodiment the absort)lng material is a MINIPAX^ supplied by Muitlsori3 
Technologies in the United States and SBgelac In Europe (sOtea gel packaged insWe TYVEK*. which 
Is a nylon mesh bonded with a mteroporous potyurethane). Other exempli moistire absorbing , 
materials Include, but are not limited to, alumina, bauxite, anhydrous, caldum sullate, water-€i)sort>Ing 
day, activated bentonite day, a mdecular sieve, or other like materials whteh optionally hdude a 
moisture sensitive odor indteator such as cobalt chbride to bxficate when the deskxant is no longer 
operable. VMiBe In the preferred embodimem of the present inventkm^ 
substantially prevent ingresston of water vapor and partteulale matter into the endosed volume, the 
mdsture absorbing material is placed within the endosed vdume in order to absort) any resMual 
moisture present in the atnrKssphere or on the external suriace of the pressurized container or 
mouthpiece or a combinatton thereof, prior to sealing the package. 

The deskxant should be present In an amount sufftelent to absort) any residual moisture 
inside the package or whteh might escape from inside the pressurized container. When siltea gel Is 
used, 1g to lOg of sHtea gd is sufHdent for a Epical MDI. Moreover, the deslrcant should be present 
In an amount sufftelent to absort) any moisture that possibly Ingresses from the external environment 



11 



wo 01/98176 PCT/US01/I9906 



It is also possible to place the deslocant inside the container, either loose in the canister or as 
part of an assembly attached to the canister. 

The Container Storage System 

Refemng In detail to the drawings and with particular reference to Figure 1, a container 
5 storage system (or packaged product) 20 is shown. The container storage system 20 Includes a 
paclcage or wrapping 22 that employs multi-layers of material 24, 26, 28. (See Figure 4.) The 
package 22 further includes fin seams 30, 32 whfch are disposed along two parallel sMe edges of the 
package and along a single tongitudinal edge of the package 22. 

10 The number and type of fin seams 30, 32 are not lyntted to the types shown In the drawings. 

The package 22 can Cndude additional iseams or signfffcantfy fewer seams such as a continuous 
single seam. The orientatkm of the seams 30, 32 is not limited to the orientation shown in the 
drawings. The orientation of the seams 30, 32 is typically a functk)n of the sealing device and such 
seams may be oriented in a manner which substantially increases manufiacturing efficiency. During 

1 5 manutacture, the longitudinai seam 30 may be formed first by heat sealing anct the two end seams.32^ ^. « ^• 
mcythenbefomried by heatdealirig tocki^ Other lypes of seams include, but are not 

limited to, gusset type seams whfch Include excess material whfch provUes expansibllty, stitehed ^ 
seamsi or mechanically crimped seams; and other like structures. 

20 The container storage system Indudes a prBSSUrized container 34 whkdi Is pr^^ 

an MDI 36 (see Figure 3). WhBe the preferred pressurized container 34 is part of an MDI 36, other 
devtees whkdi include pressurized containers 34 are not beyond the scope of the present inventkxi. 

The fin seams 30 and* 32 are fbaned by a conventional heat sealing devtoe whteh 

2 5 mechanically cttups sMes of the package 22 together whfie simultaneously providing heat to the sUes 

30,32. The heat sealing device typk»lly has eieclrical heater elements sh 
of the fin searns 30, 32 where the fin seaniisindudenrHJHiple ridges 38. The sealing mechanism of the 
Gontabier storage system 20 of the present Inventkm is not llmHed to heat sealing devtoes. Other 
sealing devtees hdude. but are not limited to, glue sealing machhes, sonfc welding machines, 

3 0 electron beam radiatlonmachines, and other Dke sealing devtees. 

As seen in Rgures 1 and 2, the package 22 preferably has a substantially rectangular 
configuration with a substantially elliptical cross sectk)n . however, other shapes of the package 22 are 
not beyond the scope of the present inventten. Other shapes btdude, but are not limited to dncular, 
35 square, triangular, trapezoidal, pentagonal, hexagonal, octagonal, and other like shapes. The shape 
of the package 22 is preferably a fundton of the shape of the endosed pressurized container 34 as 
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well as the amount and type of storage space since the package 22 is made firom flexible materials as 
wOl be described in further detaD below. 

As seen in Figure 3, the package 22 provides an enclosed volume 40 In which the 
5 pressurized container 34 Is disposed therein. The size of the enclosed volume 40 can be adjusted 
according to the size of the pressurized container 34 and related parts thereto. Preferably, the 
enclosed volume 40 Is of a size which pennlts relative ease of closing respective sides and layers 24, 
26 and 28 without substantial stretching of the package 22. The enclosed volume 40 may be 
. substantially evacuated prfor to fomiation of the fin seams 30, 32 to substantially reduce any water 
10 vapor bQbig present In the enclosed volume 40. The enclosed volume 40 may be evacuated to such 
. a degree that the endosedvolunie 40 is a vacuum fegk)n around the pressure While 
the enclosed volume 40, may remain constant, its relative shape may change according to shifting of 
the pressured container 34 disposed within the enclosed volume 40. 

15 The amorphous shape of the enclosed volume 40 is attributed to the flexible materials which. 

. make up the layers 24. 26. 28 of the package 22 which wDI be discussed bi further detail below. The 

enclosed volume can be varied in size such that it substantially confomis to the shape of the 
- pressLrized container 34 and any related parts ther^ or such that the eiK^ 

than thei pressurized oontalner 34, as shown in Figure 3. When the enclosed volume is of a size 
20 which is substantially equivalent with the surface area of the pressuri^ 

parts, the layers 24, 26. and 28 of material substantially conform to the shape of the pressurized . 

canister 34 and related parts. The package is prelierably placed in a separate, niore rigid o^ 

such as a paperboand or cardboard box 74 (See Figure 6) typteaOy used in the pharmaceutical 

Industry. The package may expand during storage due to slow leakage of the propellant fifom the 
2 5 pressurized container. In this sKuatton, the shape of the package may conform to some extent to the 

intemal shape of the rigid container if the volume of the tigU container is just slighlly larger than the 

expanded volume of the fiexibie package. 

In one exemplary embodiment, Figure 3 shows the pressurized contabier 34 to be connected 
30 to a nozzle 42 by a valve stem 44. The pressurized container 34 Is preferably an aluminum metal vial 
having a metering valve 60 (See Figure 5) disposed therebi whteh is oonnected to the valve stem 44. 
The pressurized container 34 Is not limited to the nozzle 42 and valve stem 44 shown and the 
metering valve 60. While the pressurized container 34 preferably Includes a metering valve, other 
valve systerns are not beyond the scope of the present Inventton. Other valve systems Include, but 
35 are not limited to, wedge gate valve systems, double-disc gate valve systems, gtobe and angle valve 
systems, swing check valve systems, end cock valve systems, and other like valve systems. Since 
the pressurized contabier 34 is preferably part of an MDI, the valve design is typkally a function of 
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providing a predetermined dosage or amount of the drug contained within the pressurized container 
34 to a user. 

The nozzle 42 is typically fixably secured to the mouthpiece 46. However, other 
5 embodiments where the nozzle 42 is separate or detached from the mouthpiece 46 Is not beyond the 
scope of the present inventJon. The pressurized canister 34, the nozzle 42, and the mouthpiece 46 
together comprise an MDI 36. 

As seen In Rgure 3, nozzle 42 Is In fluid communication with the mouthpiece 46 so that upon 
10 movement of the pressurized container relative to the mouthpiece 46 in a direction where the 
pressurized container 34 moves towards the nozzle 42 fixed to one side of the mouthpiece 46. a 
nrirtered dosage or predetomilned amount of the daig andj)ropellant contained wHhh the pressurized 
container 34 is released; Such a comblnalfon of the fixed nozzle 42, mouthpiece 46, valve stem 44, 
and pressurtred container 34 form an MDI 36 as outlined above. 

15 

The MDI 36 can be packaged by the flexible packaging material 22 in either an assembled 
state (valve stem 44 fixed to nozzle 42) or a disassembled state (valve stem 44 detached from nozzle 
42). in a prefened embodiment, the moisture absorbing material 50 lays adjacent to the mouthpiece 
46 In a toose or free fkiwing manner. Alternatively, the moisture absort)lng material can be secured to 
20 the inside of the flexible package. In smother alternative embodiment the moisture absorbing material 
may be disposed wHhln the oontelner 34 or attached to a bracket structure such as a rir^ whtoh Is 
^ fastened to the conteiner 34. - 

In one possible embodiment, the moisture absorbing material may be attached to the external 
25 surfiace of the mouthpiece 46 by a fastening device such as a mbber band 48. The fiastening devfce 
48 is preferabiy a removable elastic mechanism such as a mbber band. However, other fastening 
devices are not beyond the scope of the present Inventton. Other fiastening devkses Include, but are 
not llmttad to, adheslves, adhesive tapes, shrink-wrap plastic, testenere such as screws, nails, or 
rivete, compartments which are part of the mouthpiece housing 46. and other Dke attachment devtoes. 

30 

• The nK>uthpieoe 46 substantially endoses pressurized container 34 The mouthpteoe 46 is 
preferably simple in stnicture so that manutacturing efficiency and economy is substantially Increased. 
However, other mouthpieces 46 are not beyond the scope of the present Inventton. Other 
mouthpieces Include, but are not limited to, relatively movable mouthpieces with multiple parte, 
35 mouthpteces which also Include a protective casing substantially surrounding the mouthptece 
protecting the mouthpiece 46 firom damage due to shock, and other like mouthpiece stnjctures. 
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The pressurized container 34 may be held in the mouthpiece 46 by ribs or projections (not 
shown) extending from walls of the mouthpiece so that the pressurized container 34 is in a press-fit 
engagement with the mouthpiece 46. The valve stem 44 also provides a secure connection to the 
nozzle 42 which is fixedly secured to the mouthpiece 46. Other types of supporting mechanisms 
which hold the pressurized container 34 within the mouthpiece 46 are not beyond the scope of the 
present invention. Other types of securing or supporting mechanisms Include, but are not limited to, 
fasteners such a screws, nails, or rivets, adhesives, mouthpieces with a female or male locklngfl^eying 
mechanism which engages with a predetennined shape of the pressurized container. or other like 
supporting stnictures. 

In the prefemed embodiment of the bivention, the support mechanisms, such as ribs or 
prelections (not shown) of the mouthpiece 46 are designed fbr manufacturing effidency which in turn 
reduces cost of the overall manufacturing process of 4he mouthpiece 46. The mouthpiece 46 is 
preferably made of plastic, however other materiate are not beyond the scope of the present invention. 
Other materiate for the nmifhp]ece 46 Include, but are not fimited to, ferrous alloys, non-lenous alloys, 
ceramic materials, and composite materials and any mixtures thereof. SlmHar to the mouthpiece, the 
valve stem 44 Is preferably made of plastic, but other materials are not beyond the scope of the 
present Invenfion. Other materials for the valve stem 44 include, but are not limited to, feaous alloys, 
non-fismnis alloys, ceramic materials, composite materials, and any mixtures thereof. 

Hie pressuri^ container 34 pr^eraUy includes a liquid stored wtthh the pressurized 
container 34 at a predetemnined pressure. The liquid preferEbiy Includes a dmg dispersed or 
dissolved therein such as salmeterol or fluticasone propionate. 

in Figure 4, a cross-sectfonal view of the package 22 is shown, Rn seams 32 Include two 
peripheral edges 52, 54 of the flexible pacta^ing material. The flexible packaging material comprises 
a first layer 24, a second layer 26. and a third, profsrably heat sealable, layer 28 of material. The first 
Isyer 24 and third layer 28 are (HBferabiyn^ The first layer 24 is preferably made 

out of polyester while the third layer 28 te preferably made out ^ The second le^ 26 

is prefsrabiy made of a metal fofl. In the preferred embodiment, the metal foO is made out of 
aluminum. In an aKemative embodiment the heat sealable layer Is a polyethylene film. 

As stated above, preferably, the protective layer (e.g., polyester) is adhesively laminated to 
the substrate (e.g., aluminum) and the substrate layer In turn is adhesively laminated to the heat 
sealable teyer (e.g., the fonomer film or SURLYN « (an tonomer resin) or a polyethylene film). 
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Preferred exemplary thicknesses of the three layers indude a protective layer made of a 
polyester film having a thickness of 1 to 40, preferably 4 to 30, more preferably 10 to 23 microns, and 
most preferably 12 nrvcrons; a substrate layer made of aluminum having a thickness of 1 to 100, 
preferably 3 to 70, more preferably 5 to 50 microns, more preferably 6 to 20 mfcrons, and most 
5 preferably 9 microns. For the heat sealable layer, an lonomer film is used having a preffen-ed 
exemplary thicknesses of 1 to 100, preferably 5 to 70, more preferably 10-60, more preferably 26-55 
microns, and most preferably 50 microns. In an alternative embodiment a heat sealable layer of 
polyethylene film is used having a prefen-ed thicknesses of 1 to 100, preferably 5 to 70, more 
prefierably 10-60, more preferably 20-50 mfcrons, and most prefierably 50 microns. 

10 

PrefenBd exemplary embodiments include a polyester fOm as the protective layer having a 
thtekness ranging fix>m 12 to 23 mterons. 11ie polyester film is laminated to an akiminum (bl as the 
substrate layer having a thickness ranging from 6 to 20 mfcrons. The alundnum Ml Is laminated to a 
sealing film such as either an inomer film having a thfckness ranging flnom 25 to SO microns or a 
15 polyethylene film having a thfckness ranging friom 20 to 50 mfcrons. 

Alternative preferred embodiments include aluminum metalized polyester film laminated to a 
heat sealable layer, as outlined above. Another embodiment includes a sBtoon oxMe coplated 
polyester fibn laminated to a heat sealable layer as outlihed above. Yet. in another embodiment, a 

20 polyester fibn as a protective layer having a thkdoi^ 

an ahimlnum foil substrerte layer having a thickness ranging finom 6 to 2a mfcrons, the aluminum foil 
bebig laminated to a polyester film of 12 to 30 nilaons whfch is lambiated to a heat sealable layer as 
outlined above. In another embodiment, a polypropylene IHm as a protective layer having a thfckness 
ranging fifom 15 to 30 microns Is laminated to an aluminum foil substrate layer having a thickness 

25 ranging fiiom 6 to 20 mfcrons, and the cduminum foil is laminated to a heat sealable layer as outlined 
above. The laminates of the present invention can be adhesively laminated or extnjsfcn laminated. 

Hie general struc^re fbr.the prsfBrred embodiment of the pr^ent Invenfion is as follows: 
OUTSIDE ENVIRONMENT, POLYESTER FILM 24, ALUMINUM FOIL 26. lONOMER FILM 28, 
30 ENCLOSED VOLUME 40, lONOMER RLM 28, ALUMINUM FOIL 26, POLYESTER FILM 24, 
OUTSIDE ENVIRONMENT. (See Figura 4.) 

The tines in the drawings which show the boundaries between respective layers 24, 26, and 
28 may be considered as adhesive layers if adhesives are used to Join the respective layers. In other 
35 words, for example, the line separatbig protective layer 24 from the metal foB layer 26 may be 
interpreted as an adhesive, if an adhesive Is used to Join these layers 24, 26. 

16 



wo 01/98176 



PCT/USOl/19906 



Figure 5 shows an exemplary fluid dispensing apparatus 36 containing a metered aerosol 
dispensing valve 60 which dispenses metered amounts of fluid material 76 from a reservoir 64. The 
fluid dispensing apparatus (or metered dose inhaler) may also be packaged as an article of 
manufacture (shown In Figures 2, 3, or 6) comprising an aerosol dispensing valve 60 of the present 
5 invention, an Integral or additional dispensing apparatus, and a safe and therepeuticaliy effective 
amount of a medicament h a pharmaceutically acceptable carrier, particulariy a prepeBant The 
medicament and carrier can also contain other medications and various exc^ents. 

The packaging material of the article of manufacture may also have labeling 55 and 
10 Infomnation relating to the composition contained therein and/or printed thereon, sudi as by an 
adhesive label secured to the exterior of the flexible package. Additionally or alternatively, the artkde 
of manufacture of the present Invention may have a brochure, report, notioe, pamphlet, or leaflet 65 
oontahing product Infbmnatton. This fomi of product Infbrmatton is sometbnes. In the phamiaoeutk:al 
Industry, called the "package insert" A package insert 65 may be attached to or included with the 
15 article of manufiacture. The package insert w9 usually be provided viside the box 74 but outside the 
flexible package. The package Insert 65 and any article of manufacture labeflng provides Infonnation 
relating to >the composition and use of the product This Infonnation and labeling provides various 
fomis of Infonnation utilized by health care professionals and patients that describes the composition, 
the dosage, the use, and .various other parametere of the medtoament required by regulatory 
20 agencies, such as the United Slates Food and Drug Admbiistratkm. 

Figures 5 and .6 show an arUde of manufacture Including packaging material 22, a fluM 
dispensing apparatus or MDI 34 for dispensing metered amounts of fluid material 76 from a reservoir 
64. In one exemplary embodiment, the fluM dispensing apparatus 34 can hdude ^ container 34 

25 defining a reservoir 64, and a dispensing valve 60. The dispensing valve 60 can Include a metering 
chamber body 62, defining a metering chsmnber 66 and having one or nKxe meterfaig chamber ports 
68; and a stem 42 allowing for slideable nxivement within the metering chamber body 62. The stem 
42 has a dispensbig passage 70 and is connected to a seaihg segment 72 allowing for sikleable 
movement over the one or more metering chamber ports 68. The present invenflon Is not limited to 

30 the fluid dispensing apparatus shown b\ Figure 5 and can Indude other types of fluid dispensing 
devtees. 

The stem 42 and seaiing segment 72 can be nfK)veable such that in a first position the 
metering chamber 66 Is flukiteally isolated from the dispensing passage 70, and the metering chamber 
3 5 66 is bi fluidic communteatkxi with the reservoir 64 through the one or more nrietering chamber poris 
68 and the dispensing passage 70. in a second positton (as shown In Figure 5), the metering 
chamber 66 is In fluidic oonmunteatton with the dispensbig passage 70; and the metering chamber 66 
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Is fluldlcally isolated from the reservoir 64 by the sealing segment 72 oodudng the one or more 
metering chamber ports 68 and the stem ooduding the dispensing passage 70. Also shown in Rgure 
5. is fluid material 76 containing a safe and effective medioament and a phamnaoeutically aooeptable 
cam'er or diluent or propellant. 

The dispensing valve 60 can further include an upp&r sealing sleeve 78 and lower sealing 
sleeves 80 and 80\ Stem 42 is positioned for slideable movement within metering chamber 7 through 
the lower and upper aperture containing lower sealing sleeves 80 and 80' and the upper sealing 
sleeve 78. 

Range 82 and spring 84 defbie the limits of travel for stem 42. Within these limits of travel, 
the stem 42 occupies an infintte number of positions which Include the above mentioned first and 
second positions. In f^igure 5, stem 42 is biased toward the upper sealing sleeve 78 In the second 
position by physical force exerted by a user 

« 

in Figure 6, a box 74 encloses the container storage system 20. On the exterior of the box 
74, a label 55 is disposed which provides infomnafion relating to the composition contained within the 
MDI. The label 55 may be located on any side of the box 74, that Is most beneficial to the user. 
Further, as mentioned above, a package insert 65 may be disposed within the box 74 and outside the 
container storage system 20. 

The present bwention also provides a meHtpd of storing a oontainer 34 Including the steps of 
providing a flexible package 22 where the packaged includes layers 24, 26. and 28 of material whteh 
are coliectiveiy Impermeable to water vapor and permeable to vaporized propellanL 

The method includes ttie step of filling the container 34 with the IqukJ propeliant at a 
predetermined pressure and wrapping the oontainer 34 with the flexible package 22 to form an 
enclosed volume 40 In which the first oontainer 40 is disposed therein. 

The method further includes sealing the flexflMe package 22 whteh In turn closes the enctosed 
volume 40, so that the flexible package 22 substantia prevents Agression of water vapor and 
particulate , matter into said endosed volume 40 while permitting egression of sakJ vaporized 
propellant, whereby shelf life and performance of the drug and the propellant are increased. The 
packaged product can be stored for prolonged periods of time such as 1 month or more, 3 months or 
more or 6 months or more at tempemtures such as 25, 30 or AOPC and at relative humidities of 60 or 
75% whSe mabitalning acceptable product properties. 
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The Invention further includes method steps drawn to providing a material 50 for absorbing 
moisture In the enclosed volume 40 and disposed adjaoent to the oontainer 34. 



5 Examples and Comparative Tests/Anafysfe 

In order to evaluate the effectiveness of tiie method and package for storing a pressurized 
canister of the present invention, shelf-life tests were canied out upon paci<ages 22 which contained 
MDIs such as salmeterol/HFA-134a inhalers, Albuterol/HFA-134a, and Rutlcasone Propionate/HFA- 
134a inhalers. A first shelf-Gfe test of Albuterol/HFA-134a inhalers showed that by placing an MDI into 
10 the package 22 containing silica gel desiocant or an absorbing mechanism SO, it was possible to 
substantially reduce the arTKXJnt of moisfure ingression (measured in Parts Per Million or PPM) into 
the Inhaler after three n(K>nths of storage aft 40^ and at 85% relative hunni SeeTablel. 



Table 1 



Sample 


Initial 


1 month 
@40^5%RH 


3 months 
@4(ya85%RH 


Control (non 


35ppm 


330ppm 


446ppm 


oven/vrapped inhaler) 








Inhaler sealed in foil 


3S|H)m 


106ppm 


178ppm 


ovenAffapwtthlOg 








sBfca gel desiocant 








Inhaler stored In 


35ppm 


158ppm 


198ppm 


Zantac Efferdose tube 









Also included in Table 1 is data for MDIs which are stored In the prior art type tube containers. 
15 The prior art type tubes included a ZANTAC™ EFFEROOSE™ tube. This type of tube is a plastic 
tube which contains sOica gel desiccanl The silica gel is disposed in a resealable M that closes the 
tube. This tube construction Is similar to that used for a Schering product, VANGERIL^ double 
strength. 

20 A second test was performed and the resuils Indicate that the reduction of moisture ooritent 

within the package 22 can improve overedl product perfomiance of the Ik^uid contained within the 
pressurized container 34, where the lk]uld Includes an asthma treating drug and a propeOant In the 
second test the experiment was performed where aged non-ovenn/rapped salmeterol/HFA-134a 
Inhalers were compared to MDIs provided in the package 22. The experiment included non- 
25 overwrapped Inhalers which were stored for three months at either 30^/60% relative himMfy or 
40*H^5% relattve humidity. The non-ovenvrapped InhaierB were then placed In a deskx;ator 
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containing phosphorous pentoxide. The non-overwrapped inhalers were then tested for nnoisture 
content and fine particulate mass (FPM - the moisture sensitive product performance test over the 
period of inhaler storage). The results of this test are presented In Table 2. 



Table 2 

Time 30^/60%RH 40°C/76% 





Moisture content, 


FPM, Meg 


Moisture content. 


FPM, Meg 




PPM 




PPM 




Initial 


92 


10.3 


92 


10.3 


1 month non 


Not tested 


Not tested 


412 


8.2 


overwrapped 










Smonthnon 


463 


7.9 


616 


62 


ovenvrapped 










6 weel<s storage 


233 


8.9 


298 


7.4 


13 weeks storage 


151 


9.4 


230 


. 8.0 



5 The data In Table2 shows that loss and product performance (loss in FPM, for salmeterol) is 

directly related to change in moisture content The results indicated that product perfomnence of MDIs 
is reversilde, although not 100% reversible. Therefore, if moisture causes loss in product 
perfonrance, it is possible to retrieve and improve th&product perfomianoe by removing moisture 
fifom the MDI during storage. Such is the result with the package 22 of the present invention. Thus, 

10 the data shows how product performance is bnproved by controlling the mois^ content within the 
MDI with the present invention. 

A third comparative stability test at various elevated storage conditions was performed on a 
batch of Saimet6rol/iHFA134a Inhalers that were overwrapped shortly after manufacture and 
compared against a control of new-ovenAnfapped inhalers from the same batoh. The FPM and 

15 nK)i8turedetemfiinatfon8are8unvnarizedinTable3aid Table 3 shows the FPM over six months 
for the control group non-ovenivrapped MDIs compared to ovenwrapped MDIs (contained within the 
package 22 of the present invention). Table 4 shows the inhalornioisturs content in Parts Per Mfllton 
(or PPM) over six months (or the control group of non-ovenwrapped meter dose inhalers compared to 
MDIs provMed in the package 22 of the present invention. 

20 

The data In Table 3 shows that the fine particulate mass (FPM), measured in micrograms 
(|xg), of the MDIs provkled in the package 22 of the present Invention decreases at a substantially 
slower rate than that of the control group of non-oven/vrapped meter dose inhalers. The data In Table 
4 shows that the moisture content in part per million (ppm) over six nionths for the MDI provided in the 
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package 22 of the present invention is less than the moisture dontent present adjacent to or wffhfn the 
MDIs which are not provided with any ovenA/rap. 



Tabfe 3 - Fine Particulate Mass (In fig) 

Timia point ' 4<m75%RH 25«C/eO%RH 25«C/75%RH 

(months) 





Control 


wrapped 


Control 


Wrapped 


Control 


wrapped 


0 


9.4 


9.4 


9.4 


9.4 


9.4 


9.4 


1 


7.8 


8.6 


8.4 


8.6 


8.4 


8.7 


3 


6.0 


7.4 


8.3 


8.5 


8.0 


8.3 


6 


62 


7.7 


7.5 


7.8 


7.2 


7.8 



Table 4 - Moisture Content (in ppm) 



Time point 40*>C/76%RH 25^60%RH 2S^5%RH 

(months) 





Control 


wrapped 


Control 


Wrapped 


Control 


wrapped 


0 


81 


81 


81 


81 


81 


81 


1 


360 


63 


194 


71 


217 


03 


3 


540 


29 


405 


45 


434 


64 


6 


826 


-93 


446 


76 


485 


47 



A fourth comparative test was performed on a control group of non-overwrapped MDIs 
containing fluticasone propionate/HFA-134a compared to MDIs of the same drug and propellant 
provided in the pacl<age 22 of the present invention. The MDIs of the present inventfon w&re 
manufactured and provided in the paclcage 22 of the present invention shortly after the time of 
manufocture and placed on stablitty at various elevated storage conditions along side the control 
group of unwrapped inhalers from the same bateh. 

TMe S of the fourth test summarizes the variation in the content uniformity at the six-month 
time period in addition to the moisture of the control group and the MDIs provided in the pad^e 22 of 
the present Invention. Table 5 shows the variation In content unifonnlty In percentage of the relative 
standard devlaflon (RSD) based on the values for a dose ex actuator obtained fipom ten cans at the 
end of use (final nominal use). This variation test was obtained over six months for the control group 
of non-ovenwrapped MDIs compared with MDIs provided in the pacl<age 22 of the present Invention. 
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Table 6 shows the inhaler molsture.content In parts per milTion or PPM over six nnonths for the 
control group of non-overwrapped MDIs of the fluticasone proplonate/HFA-134a type compared to 
MDIs of the same dmg and propellant provided in the package 22 of the present Invention. Table 5 
5 demonstrates that the MDIs provided in the package 22 of the present Invention have a substantially 
smaller standard deviation in product perfomiance so that the MDI witl typically have a consistent 
increased perfomnance relative to non-ovenvrapped MDIs. 

Table 6 further shows that the initial moisture content In parts per million for the MDIs 36 
1 0 provided in the package 22 of the present invention slgnifk:antiy and substantially decreases while the 
moisture content of the control group of non<<iven(vrapped MDIs substanflally increases from the initial 
measurement of the moisture oontent 

Tables 



Tim6 point 40°C/75%RH 3(W;/75%RH 

(months) 





control 


wrapped 


control 


Wrapped 


0 


6 


6 


6 


6 


3 


14 


5 


11 


5 


4 






12 


5 


6 






12 


9 



* RSD (%) = percentage relative standard deviatton based on the values for dose ex actuator obtained 
15 from 10 cans at the end of use (final nominal dose). 

Tables 



Tbne point 40<>C^S%RH 30«C/75%RH 

(months) 





control 


Wrapped 


control 


Wrapped 


0 


198 


198 


198 


198 


3 


761 


50 


412 


61 


4 






408 


83 


6 






521 


30 
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Table 7 shows the loss of HF/V-134a (in grams) for wrapped Albuterol 134a MDI*s stored for 
14 months at 30''C/60%RH and 40''C/75%RH. The data In Table 7 is a mean of 5 detennlnations 
from 3 separate batches of MDI's. 

TaWeZ 

40°C/76%RH 30^a60%RH 



Loss of HFA134a from the can (g) 0.4 0.7 

HFA134a remaining In the pack (g) . 0.1 0.2 



5 The results of the above mentioned tests, ouffined by Tables 1-4, prove that loss in fine 

particulate mass (FPM) of MDls Is directly related to mosture content adjacent or within an MDI. The 
results tabulated in Tables 5-7 prove that variation of the content unlfomnity at the end Rfa of the 
wrapped MDls of the present invention is substantially less than non-wapped MDls. Therefore, 
' substantial hcreases in product performance of MDls 36 are possible with the package 22 of the 
10 present hwentfon which substantially reduces or eliminales the ingression of moisture or water vapor 
into the enclosed volume 40. Table 7 shows proof of the operatton of the virtual one way vsrive 
mechanism that pemnKs egressbn of HFA-134a from package 22. 

The biventfon b^ng thus descrflbed, it wifl be obvknis that the same may be varied in many 
15 v^s. Such variatfons are not to be regarded as a departure from the spirit and scope of the 
invention, and all such nfKxiiffeatk)ns as would be obvious to one skilled in the art are Intended to be 
Included within the scope of he foOowlhg claims. 

Another ^cperbnent lbcused on three types of foO pouches havkig an aluminum oomponent 
20 provMIng a moisture (xurier. For Fd pouches 1-3, the deslccant included calcium sulfate, silica gel, 
M nrK)lecidar sieve and casein/j^yoerol. 

Fol pouch 1 was constructed from a 9pm aluminum foil layer. Foil pouch 1 also included a 
one-way valve to allow any propellant leaking from the endosed MDI to egress from the pouch. Foil 
25 pouch 1 is available from Raackmann UK Ltd. as coextruded oriented polypropylene (20pm), 
adhesive, polyester (PETPK12Mm), adhesive, aluminum foil (9Mm), adhesive, polyethylene (OOpm). 

Fob pouch 2 was constructed from a 25Mm aluminum foil layer. Foil pouch 2 is available firom 
Raackmann UK Ltd. as ZANTAOO EFFERdose® FoH. Ref. DMF#1156, Polyester (PET) 0.48 mils, 
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primer, white oopolyethylene 0.50 mils, aluminum foil 1.0 mils (25pm). copolymer 0.5 mils, linear low 
density polyettiylene. 

Foil pouch 3 was constructed ftcm a 12.7 pm aluminum foil layer. Foil pouch 3 is available 
5 from AliusulsseA^minated F9ms and Packaging (LF1 501 5) polyester (48 gauge), adhesive, aluminum 
foil (0.0005 inches, 12.7pm, adhesive, linear low density polyethj^ene film (4 mil). No one-way valve 
was present In foil pouches 2 or 3. 

An MDI containing an aerosol fonmulation of albuterol sulfiate in HFC 134a propeilant was 
10 used. The desiocant used was a 10 gram sflica gel pack. The control was an klentical MDI without a 
pouch or deslccant The moisture content was assessed initially and after 1m and 3m storage at 
40°C/85%RH. Moisture analysis was perfonned using Kari Fischer Coulometric Titration. The mean 
results for initial and 3m storage Is shown In Table 8. 

15 

Tables 

Moisture Content Results for Fol Pouches I'd vviih AlbutBcd SuHi^^ 



FOIL POUCH 


PACKAGING 


MEAN MOISTURE 
CONTENT (PPM) 
AFTER 


STORAGE . AT 
40«C/85%RH 






Initial 


3 months 


No.1 


control 


146 


545 


No.1 


with desiocant 


146 


179 


No.1 


without desiocant 


146 


431 


No. 2 


control 


180 


565 


No. 2 


with deslccant 


180 


160 


No. 2 


without desiocant 


180 


337. 


NO. 3 


control 


204 


365 


No. 3 


wHh desiocant 


204 


87 


No. 3 


without desiocant 


204 


216 



The results shown in table 8 dearly show that foil packaging systems with down to at least 
20 9pm aluminum foil are effective In reducing moisture Ingress info the MDI when used In comtunation 
with a deslccant. 

Fofi pouch 3 from Table 8 was also evaluated using vacuum sealing and nitrogen purging in 
lieu of a deslccant The results are shown In Table 9. 
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Tables 

Moisture Content Results for Vacuum Sealed and Nitrogen Purged Systems with I^DI 
Containing Altnjterol Sulfate/HFC 134a 



Moisture Protection 
System 


IMean Nlolsture 
Content (ppm) 
INiTiTAL 


after storage at 

40«C/85%RH 

1 lUONTH 


SMOI^S 


Control 


125 


301 


448 


Nitrogen Purged Poucti 


125 


176 


216 


Vacuum Sealed Pouch 


125 


197 


252 


Foi Pouch 3 Rus 
Desiccant 


125 


149 


144 



The results In Ttibto 9 show that the nitrogen purging and vacuum sealing emtxxllnnents 
substantialiy reduce the rate of moisture Ingress as compared to the control having no pouch. 
Moreover, the results demonstrate that nitrogen purging or vacuum sealing the pouch when used in 
combination with a desiccant would still further reduce the rate of moisture Ingress. 
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What is claimed: 

1 . An apparatus comprising: 

a drug formulation comprising a mixture of at least a drug and an HFA propellant; 
a pressurized container filled with said dmg formulation; and, 

a pouch constructed from materials comprising a rnetalllc foil layer and a moisture absorbing 



5 material. 



2. The apparatus of dalm 1 wher^ the pressurized container is a metered dose 



Inhaler. 



0 



3. The apparatus of claim 1 wherein the dmg is albuterol suffiate. 



5 



4. The apparatus of daim 3 wherein the HFA propellant Is 134a. 

5. The apparatus^f dalm 1 wherein the moisture absorbing material is a d^iccant. 

6. ' The apparatus of dabn 5 wherein the desiocant is in the ftxm of a layer. 

7. The apparatus of daim 5 wherein the pouch is impregnated with the desiccant 

8. The apparatus of dabn 5 wherein the desiccant is In the form of a coating, lining, film 
ormesh.^ 

9. The apparatus of daim 8 wherein the desiccant Is a nylon. 

10. The apparatus of daim 1 wherein the metallic foil layer is aluminum. 

11. The apparatus of dalm 10 wherein the aluminum foD layer has a thickness in the 
range of 9-25 pm. 

12. The apparatus of daim 11 wherein the aluminum foB layer has a thldoiess of about 
12.7 pm. 

13. The apparatus of daim 1 wherein the pouch further indudes a one-way valve to 
pemnlt any propellant leaking from the pressurized container to egress fixxn the pouch. 



14. The apparatus of daim 1 wherein the pouch is vacuum sealed. 
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1 5. The apparatus of claim 1 wherein the pouch is purged with nitrogen gas. 

1 6. The apparatus of claim 1 furlher comprising a second desiccant within the pouch. 

17. The apparatus of claim 8 wherein the desiccant is a material selected from the group 
consisting of nylon, silica gel, alumina, bau)dte, anhydrous, caldum sulfate, water-absori)ing day, 
activated bentonite day, a mdecutar sieve zeofite and combinations thereof. 

18. An apparatus comprising: 

a drug formulation comprising a mixiure of at least a drug and an HFA propellant; 
a pressurized container fitted with said dmg fbrnnulation; and, 

a pouch constructed from materials comprising a metallic layer and desiccant means for 
adsort)fng moisture. 
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FIG. 5 





